Introduction
Metal carbonyls present a signrficant problem in EXAFS analysis due to the strong multiple scattering effects of the colinear M-C-0 array, as observed in Mo(COI6 [I] . We report calculations using the spherical wave formalism [21 in an algorithm suitable for polycrystalline samples [3] and allowing for multiple scattering. Most previous studies of multiple scattering has utilised a plane wave theory [4]-[61, but this has resulted in errors in the phase of the multiple scattering contributions [7] . We have examined three model compounds to test the application of these calculations viz [PPN] [CO(CO)~] (1) PPN = N(PPh3) 2, C03 (C0j9 (CH) (2) and Co4 (CO1 (PPh12 (3) (Figure 1 ). Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19868110
Experimental
The Co K-edge X-ray absorption spectra were recorded in transmission mode on Station 7.1 of the SRS at the SERC Daresbury Laboratory. The procedures used for the analyses by spherical wave methods have been described previously [71. These were performed on Fourier filtered data which included all significant structure (0.9 -3.8 8 ) . 13 shifts were used in calculating single, double and the forward scattering term of the triple scattering and 10 for the third order back scattering term. Phase shifts for each element were calculated by the method of Loucks 181, the atomic wave functions being calculated self-consistently using a relativistic Hartree-Fock programme with Slater exchange [9] . The central atom phaseshifts Included the effects of the core hole [lo] ; an excited atom wavefunction with a Is core hole and the outer atoms relaxed to its presence was employed, as appropriate to the situation at low photoelectron energies [Ill. The results, however, were not strongly dependent on the prescription used for the central atom.
3.

Results and Discussion
The relative importance of the different orders of scattering is illustrated for [PPN] [CO(CO)~] (1) in Figure 2 . The double and triple scattering terms are more important than the oxygen shell single scattering and therefore must be taken into account. Higher order terms, however, are negligible except wlthin 10 eV of the absorption edge. It appears that multiple scattering to third order is adequate to describe the spectra of most molecular species. In carbonyl complexes it seems that inter-ligand paths are relatively unimportant as is evident even in this highly symmetric structure. The angle dependence of multiple scattering within a Co-C-0,unit is presented in. Figure 3 . At a 90' angle the effect of multiple scattering is limited to a slight amplitude reduction, this effect being lost at 150°. At the latter angle there is a large retardation of phase and a slight change in the apparent Co...O distance. Only in the linear case are a strong amplitude enhanement and changes in apparent Co...O distance (by 4 pm) and energy dependence of the amplitude noted.
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FIGURE 3. Oxygen shell contributions to k 3 $ ( k ) (upper) and the Fourier transform (lower) for a Co-C-0 unit. Parameters as in Table 1 excepting for the bond angle and Co-0 distance (as shown) ( -----) total contribution, ( -) single scattering, ( ----) double scattering and (---) triple scattering.
Analysis of the EXAFS data of the three compounds by least squares refinement and including multiple scattering yielded the parameters in Table 1 and the fits in Figure 4 . Good fits to ca 14 eV above the edge were obtained with all distances within 3 pm of the crystallographic values. In complex (1) the precision of the parameters is high. In contrast, the large number of shells in (2) and (3) cause strong correlations between parameters of adjacent shells, with consequentially higher statistical errors. To limit the number of parameters either minor shells may be omitted or combined with other shells, or alternatively some parameters may be constrained to take common or related values. Here the number of shells was reduced by applying two criteria:
(1) shells whose k-space integral was less than 10% of the k3 weighted spectrum or
shells with correlations between parameters of adjacent shells of >0.8 were either excluded or arnzlganated. Having reduced the number of parameters, the Co-C-0 bond angles were included in the refinement. For (1) and (2), which only contain terminal carbonyl groups, a 180" bond angle was clearly preferred. The angle estimated for complex (3) was 166(21°, a value that is also within experimental error of the crystallographic mean for that complex (168').
Differentiating between bridging and terminal carbonyl groups was not possible on distance grounds, due to high correlations when these shells were each split into two components. However, the determination of the mean M-C-0 angle may provide a way of establishing their relative populations.
